A 3-D Hydrodynamic Modeling at Head of Passes of the Mississippi River by Pavlyukova, Tatiana
University of New Orleans 
ScholarWorks@UNO 
University of New Orleans Theses and 
Dissertations Dissertations and Theses 
Spring 5-16-2014 
A 3-D Hydrodynamic Modeling at Head of Passes of the 
Mississippi River 
Tatiana Pavlyukova 
Department of Civil and Environmental Engineering, tpavlyuk@uno.edu 
Follow this and additional works at: https://scholarworks.uno.edu/td 
 Part of the Environmental Engineering Commons, and the Other Civil and Environmental Engineering 
Commons 
Recommended Citation 
Pavlyukova, Tatiana, "A 3-D Hydrodynamic Modeling at Head of Passes of the Mississippi River" (2014). 
University of New Orleans Theses and Dissertations. 1827. 
https://scholarworks.uno.edu/td/1827 
This Thesis is protected by copyright and/or related rights. It has been brought to you by ScholarWorks@UNO with 
permission from the rights-holder(s). You are free to use this Thesis in any way that is permitted by the copyright 
and related rights legislation that applies to your use. For other uses you need to obtain permission from the rights-
holder(s) directly, unless additional rights are indicated by a Creative Commons license in the record and/or on the 
work itself. 
 
This Thesis has been accepted for inclusion in University of New Orleans Theses and Dissertations by an 
authorized administrator of ScholarWorks@UNO. For more information, please contact scholarworks@uno.edu. 
 A 3-D Hydrodynamic Modeling at Head of Passes of the Mississippi River. 
 
A Thesis 
 
 
 
 
Submitted to the Graduate Faculty of the  
University of New Orleans 
in partial fulfillment of the 
requirements for the degree of 
 
 
 
 
 
Master of Science 
In 
Civil and Environmental Engineering  
 
 
 
 
 
by 
 
Tatiana Pavlyukova 
 
B.Sc., Russian State Hydrometeorological University, 2011 
 
     May 2014 
ii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2014, Tatiana Ivanovna Pavlyukova 
iii 
 
ACKNOWLEDGEMENTS 
 
I would like to say thank you to Dr. J. Alex McCorquodale, throughout a year of this research he 
would always impress me with his knowledge, support and wisdom. Dr. McCorquodale is 
excellent mentor and magnificent person. It was a big pleasure and luck to work with him. 
 
I would also like to thank the Lake Pontchartrain Basin Foundation and National Science 
Foundation (NSF), as a part of the Northern Gulf Coastal Hazards Collaboratory, for funding this 
research.  
 
Also, I would like to acknowledge help and support that was given to me by my coworkers 
Grecia Teran and Sina Amini. I would like to thank Jed Filostrat and Tshering Gurung. 
I would like to thank my husband Petr Artemov for his love and support.   
iv 
 
TABLE OF CONTENTS 
 
LIST OF FIGURES ................................................................................................................... vi 
LIST OF TABLES ...................................................................................................................... x 
LIST OF SYMBOLS ................................................................................................................. xi 
ABSTRACT ....................................................................................... xviii 
1 INTRODUCTION ................................................................................ 1 
1.1 General ............................................................................................................................. 1 
1.3. Objective .............................................................................................................................. 5 
2 LITERATURE REVIEW ................................................................. 6 
3 METHODOLOGY ............................................................................ 9 
3.1 Delf3D Modeling ............................................................................................................. 9 
3.1.1 Momentum equations.............................................................................................. 11 
3.1.2 Background horizontal viscosity............................................................................. 11 
3.1.3 Vertical velocity ...................................................................................................... 12 
3.1.4 Hydrostatic pressure assumption ............................................................................ 12 
3.1.5 Forces Fξ and Fη ...................................................................................................... 13 
3.1.6 Transport equation .................................................................................................. 14 
3.1.7 Open boundary conditions ...................................................................................... 15 
4 Model development ......................................................................... 17 
4.1 Model set up ................................................................................................................... 17 
4.2 Model calibration ........................................................................................................... 21 
5 Results ............................................................................................... 24 
5.1 Model results for the Existing Channels ........................................................................ 24 
5.2 Comparison of model results for the Existing Channels with closure of Southwest Pass 
and Dredging of Pass-a-Loutre ................................................................................................. 26 
5.2.1 Delft3D High flow, May-June 2009 ......................................................................... 26 
5.2.2 Delft3D low flow June-August 2012 ....................................................................... 31 
............................................................................................................................................... 34 
................................................................................................................................................... 35 
................................................................................................................................................... 35 
................................................................................................................................................... 35 
5.3 Model results with closed Southwest Pass and South Pass and Pass-a-Loutre dredged at 
low flow. ................................................................................................................................... 36 
v 
 
................................................................................................................................................... 40 
................................................................................................................................................... 40 
5.4 Diversions at high flow May-June 2009 ........................................................................ 41 
6 Discussion ......................................................................................... 47 
7 Conclusion ........................................................................................ 51 
8 References ........................................................................................ 53 
 
 
  
vi 
 
LIST OF FIGURES 
Figure 1.1 Proposed delta management elements of Head of Passes. Southwest and South Pass 
are closed with a levee with minimal discharge. Pass a Loutre is dredged to 
accommodate deep navigation. Dredged material can be beneficially utilized (Lake 
Pontchartrain Basin Foundation, 2008). 
2 
Figure 1.2 Satellite imagery of Mississippi River sediment plume 1985. 
3 
Figure 1.3 Modeling Domain from Venice to Gulf of Mexico (Than, 2014). 4 
Figure 3.1 Example of σ-model (Deltares, 2011) 
9 
Figure 4.1 Bathymetry for model was obtained from 2003 Corps of Engineers river bathymetry 
study. 
17 
Figure 4.2 Delft3D Curvilinear grid used for Head of Passes numerical modeling 18 
Figure 4.3 Delft3D Curvilinear grid and present River bathymetry obtained from 2003 Corps of 
Engineers river bathymetry study has been used for Head of Passes numerical 
modeling. 
18 
Figure 4.4 Delft3D Curvilinear grid and modified river bathymetry. Southwest Pass closed with 
a levee of 1 meter and Pass-A-Loutre dredged to 13.7 meters deep. 
19 
Figure 4.5 Delft3D Curvilinear grid and modified River bathymetry. Southwest Pass and South 
Pass closed with a levee of 1.5m, and Pass-A- Loutre dredged to 13.7 meters deep. 
19 
Figure 4.6 Open boundaries set up for every channel, in blue for Main Pass, Pass-A-Loutre, 
South Pass, Southwest Pass, West Bay and Upstream boundary. Intersections for data 
post processing indicated in light blue color. 
20 
Figure 4.7 Stage at West Bay intersection at June-August 2012, in red results obtained from 
HEC-RAS by Tshering Gurung (2014), in blue Delft3D Head of Passes model. It is 
clear that the data shows very good similarity. 
21 
Figure 4.8 Stage at South Pass intersection at June-August 2012, in red results obtained from 
HEC-RAS by Tshering Gurung (2014), in blue Delft3D Head of Passes model. 
Dlelft3 model shows a little of over prediction compare to HEC-RAS model. 
22 
Figure 4.9 Lake Pontchatrain Basic Foundation Hydrocoast Salinity Map, March 10-16, 2014 
(Foundation L. P., 2014). 23 
Figure 5.1 Delft3D velocity magnitude (ft/sec) at high flow May 21, 2009.  The model was run 
with present Mississippi bathymetry. 24 
Figure 5.2 Delft3D velocity vectors at high flow May 22, 2009.  The model was run with present 
Mississippi bathymetry. 
25 
 
Figure 5.3 Delft3D velocity magnitude (ft/sec) at high flow May 22, 2009.  The model was run 
with present Mississippi bathymetry. 25 
Figure 5.4 Delft3D velocity magnitude (ft/sec) at high flow May 21, 2009.  The model was run 
with present Mississippi bathymetry. 26 
Figure 5.5 Velocity magnitude (ft/sec) level 1, High Flow May 21, 2009, with a levee 1.5m on 
Southwest Pass and Pass-A-Loutre dredged to 13.7m. 26 
Figure 5.6 Delft3D Pass-A-Loutre instantaneous discharge at May-June 2009. In blue discharge 27 
vii 
 
calculated with present bathymetry, in red discharge modeled with closed Soutwest 
Pass and dredged Pass-A-Loutre to 13.7 m. 
Figure 5.7 Delft3D velocity vectors at May 22, 2009, present Head of Passes bathymetry. 28 
Figure 5.8 
Delft3D velocity vectors at May 21, 2009, with a levee 1.5 meters closing Southwest 
Pass and Pass-A-Loutre dredged to 13.7m. 
 
Figure 5.9 
Delft3D velocity magnitude (ft/sec) at high flow May 21, 2009.  The model was run 
with present Mississippi bathymetry. 28 
Figure 5.10 
Velocity magnitude (ft/sec) level 1, High Flow May 22,  2009, with a levee 1.5m on 
Southwest Pass and Pass-A-Loutre dredged to 13.7m (45 ft). 28 
 
Figure 5.19 Delft3D velocity magnitude (ft/sec) at Low flow, August 8, 2012. Present 
Mississippi River bathymetry was used for modeling. 
34 
Figure 5.20 Delft3D velocity magnitude (ft/sec) at Low flow, August 8, 2012. With Southwest 
Pass closed and Pass-A-Loutre dredged to 13.7m. 
34 
Figure 5.21 Delft3D salinity (ppt) at Low flow, August 8, 2012, with present River bathymetry. 35 
Figure 5.22 Delft3D salinity (ppt) at Low flow, August 8, 2012, with present River bathymetry. 
With Southwest Pass closed and Pass-A-Loutre dredged to 13.7m. 
35 
Figure 5.23 Delft3D velocity magnitude (ft/sec) at level 1, Low Flow August 8, 2012 with 
Southwest Pass closed and Pass-A-Loutre dredged to 13.7m. 
36 
Figure 5.24 Delft3D velocity magnitude with closed Southwest pass and South pass and dredged 
Pass-A-Loutre, (ft/sec) level 1, Low Flow August 8, 2012. 
36 
Figure 5.25 Delft3D instantaneous discharge (cfs) at Pass-A-Loutre. In blue Delft3D 37 
Figure 5.11 Delft3D salinity (ppt) at High Flow at May 22, 2009 using present bathymetry. 29 
Figure 5.12 Delft3D salinity at High Flow at May 22, 2009 with a levee 1.5m at Southwest Pass 
and Pass-A-Loutre dredged to 13.7 m (45 ft). 
29 
Figure 5.13 Delft3D maximum salinity at High Flow at June 24, 2009 with a levee 1.5m at 
Southwest Pass and Pass-A-Loutre dredged to 13.7 m (45 ft). 
30 
Figure 5.14 Delft3D velocity magnitude (ft/sec) at level 1, Low Flow August 8, 2012 with 
present River bathymetry. 
32 
Figure 5.15 Delft3D velocity magnitude (ft/sec) at level 1, Low Flow August 8, 2012 with 
Southwest Pass closed and Pass-A-Loutre dredged to 13.7m (45 ft). 
32 
Figure 5.16 Delft3D instantaneous discharge (cfs) at Pass-A-Loutre. In red Delft3D 
instantaneous discharge (cfs) at Pass-A-Loutre with present river bathymetry. In blue 
Delft3D instantaneous discharge (cfs) at Pass-A-Loutre with changed bathymetry. 
32 
Figure 5.17 Delft3D velocity vectors (ft/sec)  at low flow, August 8, 2012 (usual bathymetry). 34 
Figure 5.18 Delft3D velocity vectors (ft/sec)  at low flow, August 8, 2012 (Closed Southwest 
pass and dredged Pass-A-Loutre). 
34 
viii 
 
instantaneous discharge (cfs) at Pass-A-Loutre with closed Southwest Pass and 
South Pass and Pass-A-Loutre dredged. In red Delft3D instantaneous discharge (cfs) 
at Pass-A-Loutre with closed Southwest Pass and South Pass and Pass-A-Loutre 
dredged (June-August 2012). 
Figure 5.26 Comparison of instantaneous discharge (cfs) at West Bay with one and two channels 
closed (June-August 2012). 
38 
Figure 5. 27 
Comparison of instantaneous discharge (cfs) Main Pass with one and two channels 
closed (June-August 2012). 
38 
Figure 5.27 Delft3D velocity vectors (ft/sec)  at low flow, August 8, 2012 (Closed Southwest 
pass and dredged Pass-A-Loutre). 
39 
Figure 5. 28 Delft3D velocity vectors (ft/sec)  at low flow, August 8, 2012. With closed 
Southwest and South Passes and Pass-A-Loutre dredged. 
 
39 
Figure 5. 29 Delft3D velocity magnitude (ft/sec) at Low flow, August 8, 2012. With Southwest 
Pass closed and Pass-A-Loutre dredged to 13.7m. 
39 
Figure 5.30 Delft3D velocity vectors (ft/sec)  at low flow, August 8, 2012 (Closed Southwest 
pass and South pass and dredged Pass-A-Loutre). 
39 
Figure 5. 31 Delft3D salinity (ppt) at Low flow, August 8, 2012, with present River bathymetry. 
With Southwest Pass closed and Pass-A-Loutre dredged to 13.7m. 
40 
Figure 5. 32 Delft3D salinity at low flow, August 8, 2012, with usual bathymetry (Closed 
Southwest pass and South pass and dredged Pass-A-Loutre). 
40 
Figure 5.33. Domain inflow (cfs). In blue – present RM 6.5 inflow, in red inflow with diversion 
of 50000 cfs (May-June 2009). 
41 
Figure 5. 34 Instantaneous discharge at West Bay, present River bathymetry (ft^3/s), at May-June 
2009. With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs. 
42 
Figure 5. 35 Instantaneous discharge at West Bay with closed Southwest Pass with a levee 1.5 
meter and Pass-A-Loutre dredged to 13.7 meters (ft^3/s). With diversions of 35 000 
cfs, 50 000 cfs and 100 000 cfs. 
42 
Figure 5.36 Instantaneous discharge at Main Pass, present River bathymetry (ft^3/s), at May-
June 2009. With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs. 
43 
Figure 5.37 Instantaneous discharge at Main Pass with closed Southwest Pass with a levee 1.5 
meter and Pass-A-Loutere dredged to 13.7 meters (ft^3/s). . With diversions of 35 
000 cfs, 50 000 cfs and 100 000 cfs. 
43 
Figure 5. 38 Instantaneous discharge at Pass-A-Loutre, present River bathymetry (ft^3/s), at May-
June 2009. With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs. 
44 
Figure 5. 39 Instantaneous discharge at Pass-A-Loutre with closed Southwest Pass with a levee 
1.5 meter and Pass-A-Loutere dredged to 13.7 meters (ft^3/s). . With diversions of 
35 000 cfs, 50 000 cfs and 100 000 cfs. 
44 
ix 
 
Figure 5. 40 Instantaneous discharge at Southwest Pass, present River bathymetry (ft^3/s), at 
May-June 2009.  With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs. 
45 
Figure 5.41 Instantaneous discharge at Southwest Pass with closed Southwest Pass with a levee 
1.5 meter and Pass-A-Loutre dredged to 13.7 meters (ft^3/s). . With diversions of 35 
000 cfs, 50 000 cfs and 100 000 cfs. 
45 
Figure 5. 42 Instantaneous discharge at South Pass, present River bathymetry (ft^3/s), at May-
June 2009. With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs. 
46 
Figure 5. 43 Instantaneous discharge at South Pass with closed Southwest Pass with a levee 1.5 
meter and Pass-A-Loutere dredged to 13.7 meters (ft^3/s). With diversions of 35 000 
cfs, 50 000 cfs and 100 000 cfs. 
46 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
x 
 
LIST OF TABLES 
 
Table 5. 1 
 
Average instantaneous discharge at Head of Passes channels with and without 
changes (June-August 2012).  31 
Table 6. 1  Mean and standard deviation of discharge at all passes, before and after including 
salinity (May-June 2009). 
47 
Table 6. 2 Mean and standard deviation of water level at all passes, before and after including 
salinity (May – June 2009). 47 
Table 6. 3 Distribution of Flow at HOP (West Bay Study – unpublished) 
50 
Table 6. 4 Reduction in Flow at HOP due to a 100,000 cfs Diversion upstream of Venice. 50 
  
xi 
 
LIST OF SYMBOLS 
 
Symbol Meaning  Units 
E Resuspension flux L 
E Total energy head L 
Ek Resuspension rate of sediment of class k M/L
2
/T 
Etot Total resuspension rate M/L
2
/T 
f Coriolis Parameter T
-1
 
F F-factor Dimensionless 
Fgr Sediment mobility number Dimensionless 
FH Hydrodynamic force M/L/T
2
 
fk Fraction of class k sediment in the cohesive bed Dimensionless  
Fs Horizontal diffusion for salinity  
Fx Horizontal viscosity  
Fy Horizontal diffusion  
Fθ Horizontal diffusion for temperature  
G Water column shear stress M/L/T
2
 
g Acceleration of gravity L/T
2
 
gs Bed-material discharge in weight per unit width M/L 
H Total Energy Head L 
H Bottom depth relative to z = 0 L 
h Mean Flow depth L 
h Flow depth L 
hm Mean flow depth L 
Hs Wave height L 
K Conveyance L
3
/T 
ke Kinetic energy term L 
KH Vertical eddy diffusivity for turbulence mixing of heat and 
salt 
L
2
/T 
KM Vertical eddy diffusivity of turbulent momentum mixing L
2
/T 
xii 
 
Ks Manning-Strickler Coefficient L
3
T 
ks Nikuradse roughness height L 
L Wave length L 
l turbulence macroscale L 
L(i,j) Space-step of element (i,j) normal to the direction of the 
flow 
L 
m Constant dependent upon the depositional environment Dimensionless 
n Manning’s coefficient L1/3/T 
n Porosity of bed material Dimensionless 
n Constant dependent upon the depositional environment Dimensionless 
n’ Manning’s coefficient component due to particle roughness L1/3/T 
n’(i,j) Manning’s coefficient for element (i,j) L1/3/T 
n’’ Manning’s coefficient component due to bed forms L1/3/T 
ni Manning’s coefficient for a certain sub-section i L
1/3
/T 
P Pressure M/L/T
2
 
P Power ML
2
/T 
P1 Probability of deposition Dimensionless 
Pi Wetted Perimeter for a certain sub-section i L 
Pke Kinetic Energy Power ML
2
/T 
Ptj Proportion of size fraction j in the bed material Dimensionless 
Q Water discharge L
3
/T 
q Lateral inflow L
3
/T/L 
q Water discharge per unit width L
3
/T/L 
q
2
 Turbulent kinetic energy L
2
/T
2
 
qd Sediment flux due to deposition M/L
2
 
Qs Volumetric bedload sediment discharge L
3
/T 
Qss Volumetric suspended load sediment discharge L
3
/T 
Qss Suspended sediment load M/T 
qs Total bed-material load L
3
/T/L 
qs Sediment discharge per unit width L
3
/T/L 
xiii 
 
qs Suspended load flux L
3
/T/L 
qsb Bed load M/L
2
 
qsb Volumetric solid discharge per unit width L
2
/T 
qss Suspended load L
2
/T 
qsw Wash load L
2
/T 
qsw Total sediment discharge for particle size j L
2
/T 
R Hydraulic Radius L 
r(I,J) Roughness factor for element (I,J) Dimensionless  
Rh Hydraulic Radius L 
Rh
’
 Hydraulic Radius  component for the particle roughness L 
Rh
’’
 Hydraulic Radius component for the bed forms L 
S Salinity M/M [ppt] 
Sf Steady-State Energy or Friction Slope Dimensionless 
T Wave period T 
T Transport Stage parameter Dimensionless 
t Time  T 
U Mean flow velocity L/T 
u Velocity component in the xx direction L/T 
u Near bed velocity L/T 
u* Shear Velocity L/T 
u*
’
 Shear Velocity due to particle roughness L/T 
u*’
’’
 Shear Velocity due to bedforms L/T 
u*cr bed Critical shear velocity near the bed L/T 
u*cr sus Critical shear velocity for resuspension L/T 
Uc Critical Velocity for beginning of sediment motion L/T 
ui Instantaneous flow velocity L/T 
Up Near bed orbital velocity L/T 
V(i,j,k) Component of velocity normal to the face of the element 
(i,j) through which water is flowing for level k 
L/T 
Vb Velocity in the grid point nearest the bottom L/T 
xiv 
 
vss  Settling velocity of suspended particles L/T 
w Vertical velocity component in the zz direction L/T 
w’ Fluctuating velocity component in the vertical direction L/T 
Wj Karim’s hiding factor Dimensionless 
Wp Submerged weight of a particle ML/T
2
 
Ws Settling velocity of the sediment particles L/T 
Ws,1 Settling velocity of cohesive suspended sediment flocs L/T 
Ws,2 Settling velocity of non-cohesive suspended sediment 
particles 
L/T 
x Abscissa measured along the river L 
x Spatial component L 
y Water surface elevation L 
y Spatial component L 
Z Rouse Exponent Dimensionless 
z Bed Elevation L
 
z Spatial Vertical Component L
 
z Flow depth at the center of the bottom layer L 
Z’ Suspension Parameter Dimensionless 
Z0 Bottom Friction L 
zb Grid point nearest the bottom L 
α Coefficient in Smagorinsky Parameterization Dimensionless 
β Β-factor Dimensionless 
γ Specific weight of water ML/T2/M3 
γf Specific weight of a fluid ML/T
2
/M
3
 
γs Specific weight of sediment ML/T
2
/M
3
 
Δt Time-step T 
Δx Horizontal grid spacing in the xx direction L 
Δy Horizontal grid spacing in the yy direction L 
Δσ Vertical Increment which varies with thickness L 
ε Resuspension Potential M/L2 
xv 
 
εj Exposure correction factor Dimensionless 
εs Diffusivity of the suspended particles L
2
/T 
η Free surface elevation relative to z = 0 L 
θ Potential Temperature (or in situ temperature) for shallow 
water equations 
°C 
θ Wave direction  
θc Current direction  
θcr Critical mobility parameter Dimensionless 
κ Prandtl Number Dimensionless 
ν Kinematic Viscosity L2/T 
ν Velocity component in the yy direction L/T 
ρ Fluid Density L/M3 
ρo Reference Density L/M
3
 
ρs Sediment Density L/M
3
 
τ Bottom Shear stress M/L/T2 
τ* Dimensionless shear stress Dimensionless 
τ*cr Critical Dimensionless shear stress Dimensionless 
τ’ Bottom Shear stress due to particle roughness M/L/T2 
τ’’ Bottom Shear stress due to bedforms  M/L/T2 
τ0 Total Bottom Shear Stress M/L/T
2
 
τ0 Average bed level shear stress M/L/T
2
 
τ0c Critical Total Bottom Shear Stress M/L/T
2
 
τb Bottom Shear Stress M/L/T
2
 
τzx Dispersivity M/L/T
2
 
ω Dummy variable for Partheniades formulation Dimensionless 
Гs Diffusion coefficient L
2
/T 
Ф Difference between wave direction and current direction  
Ф Ф-Factor Dimensionless 
C  
Mean sediment concentration of suspended sediment M/L3 
xvi 
 
TC  
Sediment flux concentration (sediment mass flux per unit 
mass flow rate) 
M/L3/M 
*R0  
Parameter for initiation of sediment transport in Iwagaki 
Formulation 
Dimensionless 
*
eR  
Particle Reynolds Number Dimensionless 
iu  
Mean flow velocity L/T 
W
~
 
Wall proximity function Dimensionless 
  Divergence operator  
∂ Partial differential operator  
A Cross-sectional Area L2 
a Reference level above the bed L 
a Empirical constant for Power equations Dimensionless 
a0 Constant depending upon bed properties for resuspension 
of cohesive sediment 
Dimensionless 
a0, a1, a2, 
a3 
Empirical coefficients for TLTM modified formulation Dimensionless 
AH Horizontal mixing coefficient for heat and salinity Dimensionless 
AM Horizontal mixing coefficient for momentum Dimensionless 
Ap Peak orbital amplitude L 
B Width of the section affected by bedload transport L 
b Empirical constant for Power equations Dimensionless 
b1, b2 Coefficient calibrations for Karim’s Hiding Factor 
Equation 
Dimensionless 
C Suspended load concentration M/L3 
C Constant used for determination of reference level above 
the bed 
Dimensionless 
c’ Fluctuating component of sediment concentration M/L3 
C0 Shallow water wave speed L/T 
C0 Maximum volumetric bed sediment concentration L/T 
xvii 
 
C1 Cohesive suspended sediment concentration near the 
sediment-water interface 
M/L3 
c1, c2, c3, 
c4 
Coefficients in Ackers-White Total-Load Predictor Dimensionless 
C2 Near-bed suspended sediment concentration M/L3 
c5, c6, c7  Empirical coefficients in Karim and Kennedy flow 
resistance equation 
Dimensionless 
CD Drag coefficient Dimensionless 
Cf Drag (friction) coefficient Dimensionless 
cs Vertical concentration of the suspended particles M/L3 
Cs(i,j,k) Sediment Concentration in element (i,j) for level k M/L3 
Csa Sediment concentration at reference level a M/L3 
Cz Concentration of suspended sediment in the lowest σ layer M/L3 
d Particle diameter L 
D Total water column depth L 
d* Dimensionless grain diameter Dimensionless 
D* Non-dimensional particle parameter Dimensionless 
D1 Depositional Flux M/L2/T 
D2 Non-cohesive sediment depositional flux  
D50 Median diameter of sediment L 
dgr Dimensionless grain diameter Dimensionless 
Dj Sediment diameter for particle size j L 
Dk Effective particle diameter L 
dQ(i,j,k) Water discharge for level k in element (i,j)  L3/T 
dQs(i,j,k) Sediment load for level k in element (i,j)  M/T 
Du Representative diameter of bed material L 
DZ(k) Fraction of flow depth attributed to level k Dimensionless 
 
 
  
xviii 
 
ABSTRACT 
 
 
A 3-D numerical model of the Head of Passes and Bird’s Foot Delta of the Mississippi 
River- was developed. The model was based on Delft3D and simulates the hydrodynamics and 
salinity transport for Head of Passes area from RM 6.5 to Gulf of Mexico. The model was 
calibrated, validated, and used to predict the response of the river to certain stimuli, such as - 
channel closures, channel modifications and diversions. The model includes West Bay, 
Southwest Pass, South Pass, Pass-A-Loutre and Main Pass. Three basic cases were developed: 
existing conditions, closure of Southwest Pass with a levee of 1.5m with dredging of Pass-A-
Loutre to 13.7 meter depth, and closure of Southwest Pass and South Pass with dredging of Pass-
A-Loutre to 13.7 meter  (45 ft) depth. Salinity has been added to the model. Closure of 
Southwest Pass and dredging of Pass-A-Loutre leads to changes in flow speed and distribution. 
As a result Pass-A-Loutre becomes a main River channel.  
 
 
 
Keywords: Head of Passes, 3-D numerical modeling, Salinity Intrusion, Pass Closures, 
Hydrodynamic simulation.
1 
 
1 INTRODUCTION  
1.1 General 
 
Mississippi River sustains one of the world’s largest deltas that have been developed over the 
past several thousand years; however anthropogenic development in the last 100 years such as - 
building of levees and other human interventions have resulted in a loss of sediments flowing to 
the delta. Natural channel shifting, that is necessary for renewal of the delta with fresh sediment, 
has been stopped (Willson, 2007).  
As a way of a better management of restoration and navigation and redesigning the lower 
delta, a “pass closure” plan has been proposed by Lake Pontchartrain Basin Foundation  (LPBF). 
The plan consists of closing one or two of the major Mississippi River passes and of dredging the 
remaining pass for navigation. A possible solution from the viewpoint of the environment and 
navigation would be a closure of Southwest Pass and South Pass (Figure 1.1) and a new 
navigation channel, to provide a shorter route for shipping - Pass a Loutre has been proposed as a 
navigation channel; it would be dredged and maintained.  This would help optimize the use of 
the discharge in the channel and would minimize maintenance dredging. Environmental benefits 
also would be valuable. As a result of pass closure project, 60% of the Mississippi flow can be 
used more effectively for restoration without reducing flow in the navigation channel (LPBF, 
2006).  
Considering the location of Pass-A-Loutre, water and sediment that reach the Delta 
would have a better chance of staying in the delta plain. The discharge position of Pass a Loutre 
and prevailing winds make this channel most appealing to use as a shipping channel. Because of 
the prevailing winds the discharge plume from Pass a Loutre tend to be pushed into the 
neighboring bays. It will help to recreate the two wildlife refuges that have experience 62%-83% 
loss of wetlands. 
This loss can also be compensated by dredge material from Pass a Loutre (LPBF, 2008). 
Because of its geographical position, the sediment from Southwest Pass can’t be used 
efficiently and be returned into delta. Prevalent wind and the extended location of Southwest 
2 
 
Pass result its discharge plume been pushed into the open Gulf and away from the delta by winds 
and currents. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1.1 Proposed delta management elements of Head of Passes. Southwest and South Pass are closed 
with a levee with minimal discharge. Pass a Loutre is dredged to accommodate deep navigation. Dredged 
material can be beneficially utilized (Lake Pontchartrain Basin Foundation, 2008). 
After closing Southwest Pass, can become a fishing reef and a harbor, and still can be 
used by small commercial and recreational vessels. Even without deep navigation it can be used 
efficiently.  Lake Pontchartrain Basin Foundation has recommended the pass closure plan to be 
considered as an alternative for future management of the river (LPBF, 2008).  
Figure 1.2 shows that the Mississippi River sediment plume has two patterns of 
movement. The Southwest Pass discharge and suspended sediment load is carried by the wind 
and currents to the southwest, away from the river delta. This way the sediment is lost to the 
deep waters. On the other hand, the plume from Pass-A-Loutre tends to be moved into the river 
delta. The inset wind rose diagram explains this pattern of plume movement; it shows that the 
area has a prevalence of south to east winds that make the plume to move in given trajectory. 
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Consequently, Pass-A-Loutre has more opportunities for using river sediment to support 
Mississippi River Delta (LPBF, 2006). 
 
 
 
This project focuses on the development of a three dimensional numerical model that 
predicts the hydrodynamics and the salinity transport on the Head of Passes of  Mississippi 
River. DELFT3D (Deltares, 2011) , a 3-D finite volume, orthogonal curvilinear grid, 
hydrodynamic and sediment transport computer software is used for the 3-D modeling of the 
river domain. Figure 1.3 shows the area of the model. The model is simulates the 
hydrodynamics and salinity of Head of Passes area from Venice to Gulf of Mexico. The model 
includes West Bay, Southwest Pass, South Pass, Pass-A-Loutre and Main Pass. In addition to the 
base case of the existing passes, two basic alternative cases were developed:  
- Various diversions with closure of Southwest Pass with a levee of 1.5m and dredging of 
Pass-A-Loutre to 13.7m (45 ft) depth. 
- Various diversions with closure of Southwest Pass and South Pass with a levee of 1.5m 
and dredging of Pass-A-Loutre to 13.7m (45 ft) depth.  
Figure 1.2 Satellite imagery of Mississippi River sediment plume 1985. 
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                Figure 1.3 Modeling Domain from Venice to Gulf of Mexico (Than, 2014). 
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1.3. Objective 
The main goal of this research was to develop a 3D numerical model of hydrodynamics and 
salinity at Head of Passes (HOP) and Bird’s Foot Delta of the Mississippi River. The 
modeling area extends from Venice (RM 6.5) through the Head of Passes area to Gulf of 
Mexico. This model will be used to address the following questions:  
1. What is the present flow pattern and flow distribution at the HOP?  
2.  How will the flow patterns change if one or more of the Passes are closed and/or 
dredged?  
3. What is the effect of Pass closures on the salinity intrusion at the HOP?   
6 
 
2 LITERATURE REVIEW  
 
Sinha, Sitiropoulous and Odgaard (1998) have developed a 3D numerical model of a 
natural river by solving Reynolds-average Navier-Stokes equation. Large-scale roughness and 
multiple islands were directly determined by using boundary-fitted curvilinear coordinates in 
conjunction with a multiblock method. Calculations are carried out for flow through a 4-km 
stretch of the Columbia River, downstream of the Wanapum Dam, for which complete field and 
laboratory measurements were collected for a series of power plant operating conditions. 
Measurements at one operating discharge were used to calibrate the small-scale roughness 
distribution in the numerical model. The calibrated model was validated by comparing the 
computed results with laboratory and field measurements for other discharge arrangements. 
These comparisons demonstrated that the model is able to capture most experimental trends with 
significant accuracy (Sinha, 1998). 
 
 
A three-dimensional model CH3D-SED was developed by (Gessler, 1999) for predicting 
sediment erosion and deposition when major secondary currents exist, such as river diversions, 
bends, distributaries, or crossings. At most locations observed and predicted suspended sediment 
concentrations and velocities corresponding within 15%. Experiential dredging and predicted 
sediment deposition has difference less than 25% for most years between1988 and 1995. 
Average difference between observed dredging and foreseen deposition from 1988 to 1995 was 
8% (Gessler, 1999). 
 
Jin and Wang (1999) developed a depth-integrated 2D sediment and hydrodynamic 
transport model, CCHE2D. The purpose of the model is to study steady and unsteady free 
surface flow, morphological processes, and sediment transport in natural rivers. The wet and dry 
nodes were located automatically to specify the moving boundaries. To model the turbulent 
closures a depth-averaged parabolic model, two eddy viscosity models and a depth-averaged 
mixing length model were used. Morphological changes of the channel are computed with 
respects to the effects of the secondary flow and bed slope in curved channels. To verify the 
model results physical model data were used. To demonstrate applicability of modeling to 
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hydraulic engineering, ecological quality and design studies of stream stabilization, the 
morphological formation in flows, meandering channels and natural streams the feasibility 
studies have been conducted (Jia Y. a., 1999). 
 
 
A 3D numerical model was presented by Rodi and Wenka (2000), the model calculates 
flow and sediment transport in open channels. Calculating of flow was implemented by solving 
the full Reynolds-averaged Navier-Stokes equations. Water level was determined from a 2D 
Poisson equation resulting from 2D depth-averaged momentum equations. The general 
convection-diffusion equation was used for solving for suspended-load transport. Bed 
deformation is acquired from and general mass-balance equation. The suspended-load model was 
established for channel flow condition with net entrainment form a loose bed and with net 
deposition. 3D model was validated by calculating the sediment transport and flow at 180
0
 
channel bend. The results agree with the measurements in all cases (Wu, 2000). 
 
 
Jia, Scott and Wang (2001) created a three dimensional numerical model CCHE3D. 
The aim of the model was to study channel navigation problems. By an ADCP imstrumentation 
the 3D velocity data set was obtained in Victoria Bendway. The measured data and model results 
indicated good agreement, thus model is applicable to simulate natural river processes. As a 
result of channel navigation problems in Victoria Bendway, a number of submerged weirs were 
created for improving navigation condition. The validated CCHE3D model was then used to 
study the channel flow and explore the effectiveness of submerged weirs by likening the 
simulated flow patterns with and without weirs. The result shows that the submerged weirs 
increase the navigation conditions by decreasing the helical secondary flow ( Jia at al., 2001). 
 
 
 
Pereira (2011) developed a 3-D unsteady flow mobile-bed model (ECOMSED; HydroQual 
2002) of the Lower MR reach between Belle Chasse (RM 76) and downstream of Main Pass. 
The model was used to simulate diversion sand capture efficiency, River currents,  erosional and 
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depositional patterns with and without diversions over a short period of time. One of the subjects 
of the study was new diversions at different locations, e.g., Myrtle Grove (RM 59) and Belair 
(RM 65), with different geometries and with different outflows. As a result two conclusions can 
be established:  smaller diversions had little impact on the downstream sand transport, but the 
larger diversions had the following effects: 1) reduction in the available energy for transport of 
sand along distributary channels; 2) reduction in the slope of the hydraulic grade line 
downstream of the diversion; 3) reduced sand transport capacity in the main channel downstream 
of the diversion; 4) increased shoaling downstream of the diversion; and 5) a tendency for 
erosion and possible head-cutting upstream of the diversion (Pereira, 2011). 
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3 METHODOLOGY 
 
A 3-D finite volume, orthogonal curvilinear grid, hydrodynamic and sediment transport 
computer software was used to model the river domain. The selected model was DELFT-3D 
(Deltares, 2011) .  
 
3.1 Delf3D Modeling 
 
Delf3D is a modeling system developed by Deltares. Its capabilities include hydrodynamics, 
sediment and salinity transport modeling. The system is divided on sub modules: Delf3D-Flow 
module was used to perform present research.  Delf3D-Flow has to modules for water quality, 
ecology, waves and morphology.  The σ co-ordinate system was used as a vertical grid system. 
Delf3D is able to compute two and three dimensional models. It solves the unsteady shallow 
water equations in two and three dimensions. The system of equations contains of horizontal 
equations of motion, transport equation and continuity equation (Deltares, 2011).  
 
For incompressible flow Delft3D-FLOW solves the Navier Stokes equations. To calculate 
vertical velocities in 3D models continuity equation are used. The set of initial and boundary 
conditions and set of partial differential equations is solved on a structured finite difference grid. 
 
Cartesian system is used in the horizontal direction in the form of - orthogonal curvilinear 
coordinates in (ξ, η). 
The vertical grid that consists of layers interpolated between two sigma planes that are not 
strictly horizontal but may follow the bottom bathymetry and the water surface. This allow for  a 
good representation of the bed topography is possible.  
In the vertical direction the system is defined based on the sigma (σ) co-ordinate system by the 
following Equation (3.1), 
 
                                                                                                                                         (3.1)                                                                                                                                                                      
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where z is the vertical co-ordinate in physical space; ζ is the free surface elevation above 
the reference plane (at z = 0); d is the depth below the reference plane and H is the total water 
depth given by H = d + ζ (Deltares, 2011). 
 










Figure 3. 1. Example of σ-model (Deltares, 2011) 
 
 
The depth-averaged continuity equation is given by equation (3.2):  
 
                                                                                                                                            (3.2) 
 
where G – water column shear stress, U – mean flow velocity, η – free surface elevation relative 
to z = 0, V- (m/s) depth-averaged velocity in y-direction, d – (m) depth below some horizontal 
plane of reference (datum), ξ – (m) water level above some horizontal plane of reference (datum) 
where Q is representing the contributions per unit area due to the discharge or withdrawal of 
water, evaporation and precipitation (Deltares, 2011) equation (3.3):  
 
 
           (3.3) 
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3.1.1 Momentum equations 
The momentum equations (3.4) in ξ-direction and the η-direction are: 
 
and  
 
 
        (3.4) 
 
 
 
 
where u – velocity component in the xx direction, ν - velocity component in the yy 
direction, ω - dummy variable for Partheniades formulation. 
3.1.2 Background horizontal viscosity 
The background horizontal viscosity is presented by   
    . Horizontal eddy viscosity 
coefficient is defined by equation (3.5):  
 
                                                                    (3.5) 
where H – total energy head. 
The vertical eddy viscosity coefficient presented by equation (3.6):  
 
                                                                       (3.6) 
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3.1.3 Vertical velocity 
The vertical velocity ω in the σ-co-ordinate system is calculated from the continuity 
equation (3.7):  
 
 
For post-processing purposes computation of the physical vertical velocities is required.  
These velocities can be represented by horizontal velocities, water levels, water depths 
and vertical ω-velocity according to (Deltares, 2011) (3.8):  
 
  
                                                                                                                                                    (3.8) 
 
3.1.4 Hydrostatic pressure assumption 
 
Vertical momentum equation is reduced to hydrostatic pressure equation. Vertical 
accelerations due to sudden variations and buoyancy effect are not taken into account. That lead 
as to equation (3.9) :  
 
        (3.9) 
where ρ- fluid density. 
The hydrostatic pressure after integration is given by equation (3.10): 
 
        (3.10) 
 
 
 
(3.7) 
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The pressure gradients for water of constant density and atmospheric pressure described by 
equations (3.11) and (3.12):  
 
 
                                                           (3.11) 
 
                                                                                                                                    (3.12)    
  
 
When non-uniform density takes place, the local density is connected to the values of 
temperature and salinity. Horizontal pressure gradients are obtained with help of Leibnitz’ rule 
(Deltares, 2011) equations (3.13) and (3.14):  
 
                   (3.13) 
  
 
                                (3.14) 
3.1.5 Forces Fξ and Fη 
 
Delft3D assumes that horizontal lengths scale is much larger than the water depth, and that the 
flow is a boundary-layer type. This methodology guarantees a positive definite operator. Thus, 
the forces Fξ and Fη are described by equations (3.15) and (3.16):  
 
                                       
                                                                                                                                                  (3.15)                                                                                                                                                                                                                
    
                                                
         (3.16) 
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For small-scale flow, when the shear stresses need to be taken into account the Delft3D uses 
equations (3.17), (3.18), (3.19):  
    (3.17) 
 
                 (3.18) 
 
      (3.19) 
 
 
3.1.6 Transport equation 
 
To add description of dissolved substances in flows, for example salinity and heat, the transport 
equation is used. Transport equation is formulated in a conservative form in orthogonal 
curvilinear co-ordinates in the horizontal direction and in the vertical direction in σ coordinates 
(Deltares, 2011) shown by equation (3.20):  
                                                                                                             
 
 
                                                                                                                                                  (3.20) 
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3.1.7 Open boundary conditions 
 
Open boundaries are used to reduce the computational effort by limiting computational area. 
They are considered as virtual “water-water” boundaries.  For the boundaries defining a 
logarithmic profile may be applied. It depends on the local roughness height z0  and the local 
water depth H. The vertical coordinate z is measured relative to the bad. U is a depth-averaged 
velocity and it’s used to determine the friction velocity (Deltares, 2011) described by equations 
(3.21), (3.22) and (3.23):  
 
 
                                (3.21) 
           (3.22)    
 
 (3.23) 
 
 
 
 
In case of a total discharge boundary condition, discharge at each time step distributed over the 
active points of the open boundary resulting from the Chezy equation (3.24):  
 
       (3.24) 
 
where Bi - width, hi - water depth and Ci - roughness of grid cell i, N 
is the number of boundary points, and Q is the total discharge imposed. 
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Total discharge is computed from the discharges per grid cell can be described by equation 
(3.25):  
 
                      (3.25) 
 
 
where Bi - width, ui - depth averaged velocity and hi - water depth of grid cell i, ui, 
k and zi,k are the velocity and thickness of layer k at grid cell i in case of a 3D simulation, 
N is the number of boundary points and K is the number of layers (Deltares, 2011).  
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4 Model development 
 
4.1 Model set up 
 
DelIft3D-GRID software was used to develop a model domain.  The domain starts at River Mile 
6.5 and continues until the Gulf of Mexico. The area includes: West Bay, Southwest Pass, South 
Pass, Pass-A-Loutre and Main Pass from Head of Passes to the Gulf. Bathymetry for model was 
obtained from 2003 Corps of Engineers river bathymetry study (Figure 4.1).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. 1.  Bathymetry for model was obtained from 2003 Corps of Engineers river bathymetry study and 
ADCIRC Bathymetry/Topography.  
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It is important to choose an appropriate domain area for model development. The shape 
of the domain should allow the grid lines to be as perpendicular to each other as possible. Figure 
4.2 shows the orthogonal curvilinear grid that was developed. Grid was developed with help of 
Delft3D-GRID package, using splines that were manually created over bathymetry file. 
 Figure 4.3 illustrates Delft3D curvilinear grid over Corps of Engineers River bathymetry and 
ADCIRC bathymetry. The grid was refined at Passes area to improve data capturing.  
 The goal of research was to reconstruct the bathymetry, flow and salinity conditions of 
Head of Passes area, and to observe the model response to channel closure, dredging, salinity 
intrusion and upstream diversions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3.  Delft3D Curvilinear grid and present River bathymetry 
obtained from 2003 Corps of Engineers river bathymetry study 
has been used for Head of Passes numerical modeling.  
Figure 4. 2. Delft3D Curvilinear grid used for Head of Passes numerical 
modeling. 
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For model calibration and discharge control different roughnesses were used at each River 
channel. Roughness at West Bay is 0.08, Main Pass – 0.012, Pass-A-Loutre – 0.013, Southwest 
Pass – 0.024, and South Pass – 0.016.  
 
Two basic closure cases were developed:  
 closure of Southwest Pass with a levee of 1 and 1.5m and dredging of Pass-A-Loutre to 
13.7m (45 ft) depth (Figure 4.4). 
 closure of Southwest Pass and South Pass with a levee of 1.5m and dredging of Pass-A-
Loutre to 13.7m (45 ft) depth (Figure 4.5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. 3. Delft3D Curvilinear grid and modified river bathymetry. 
Southwest Pass closed with a levee of 1 meter and Pass-A-Loutre dredged 
to 13.7 meters deep. 
Figure 4. 5. Delft3D Curvilinear grid and modified River bathymetry. 
Southwest Pass and South Pass closed with a levee of 1.5m, and Pass-A- 
Loutre dredged to 13.7 meters deep.  
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Delft3D gives a good opportunity for a modeler to extract data for post processing. Also it is 
possible to set up open boundaries for channels to better imitate the flow distribution in the 
Mississippi River and its passes. Open boundaries for every channel have been created.   
Figure 4.6 shows domain area with open boundaries set up for every channel (points in blue), 
for Main Pass, Pass-A-Loutre, South Pass, Southwest Pass, West Bay and Upstream boundary. 
Intersections where data could be extracted for post processing indicated in light blue color. 
 
 
 
 
 
 
Figure 2 Open boundaries set up for every channel, in blue for Main Pass, Pass-A-Loutre, 
South Pass, Southwest Pass, West Bay and Upstream boundary. Intersections for data 
post processing indicated in light blue color.  
 4. 6. Open boundaries set up for every channel, in blue for Main Pass, Pass-A-Loutre, South 
Pass, Southwest Pass, We t Bay and Upstream boundary. Intersections for data post processing 
indicated in light blue color.
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4.2 Model calibration 
 
Model has been calibrated by comparing the stage results from Delft3D model and a calibrated 
HECRAS model developed by Gurung (Gurung, 2014) for the June-August of 2012.  Figures 
4.7 and 4.8 show good overlap of stage data from HEC-RAS and Delft3D model. In case of 
South Pass Delft3D shows over-prediction of 0.25 feet. Average stage for both models show 
good agreement. Average West Bay water level calculated by HEC-RAS is 0.24 feet, Delft3D 
stage is 0.22 feet. South Pass average stage reached 0.16 feet in both models.  A comparison of 
the stage data obtained from HECRAS and Delft3D indicates that the model is capturing the 
behavior of the River at the HOP.  
The Corps of Engineers have estimated that the flow in Southwest Pass is about 38% to 40% of 
the River flow. At June-August 2012 the flow of 150,000 to 200,000 cfs was recorded, this gives 
a Southwest Pass mean of about 55,000 to 80,000 cfs. Discharge obtained with Delft3D model 
has a mean of about 50,000 to 70,000 cfs. It means that the model flow was calibrated properly.  
 
 
Figure 4. 7. Stage at West Bay intersection at June-August 2012, in red results obtained from HEC-RAS by Tshering Gurung 
(2014), in blue Delft3D Head of Passes model. It is clear that the data shows very good similarity. 
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Figure 4. 8. Stage at South Pass intersection at June-August 2012, in red results obtained from HEC-RAS by Tshering Gurung 
(2014), in blue Delft3D Head of Passes model. Dlelft3 model shows a little of over prediction compare to HEC-RAS model. 
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Salinity was added to the model boundaries with help of Delft3D-FLOW-FLOW IMPUT.  
The salinity data was taken from Lake Pontchatrain Basic Foundation Hydrocoast Salinity Map  
(Figure 4.9).   
 
 
  
 
 
 
 
 
 
 
Figure 4.9. Lake Pontchatrain Basic Foundation Hydrocoast Salinity Map, March 10-16, 2014 (Foundation L. P., 2014). 
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5 Results 
5.1 Model results for the Existing Channels 
 
Figure 5.1 shows velocity magnitude at Mississippi River Head of Passes Area calculated by 
Delft3D on May 22, 2009 when the inflow to the model domain was 751 052 cfs. The model was 
run with present River bathymetry. On Figure 5.1 Southwest Pass had highest velocity 
magnitude through a channel, with 8.5 ft/sec maximum and 5.5 ft/sec average. Also if we 
analyze discharge pattern we will see that Southwest Pass takes most of the discharge out of the 
River: average discharge for Southwest Pass on May-June 2009 was 365 329 cfs, when South 
Pass had 87 931 cfs, Main Pass – 52 178 cfs and Pass-A-Loutre 57 710 cfs. Figure 5.2 shows 
velocity vectors at May 22, 2009, Head of Passes area. Figure 5.3 corresponds to Figure 5.2 
with velocity magnitude.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 5. 1. Delft3D velocity magnitude (ft/sec) at high flow May 21, 
2009.  The model was run with present Mississippi bathymetry. 
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Figure 5. 3. Delft3D velocity magnitude (ft/sec) at high flow 
May 22, 2009.  The model was run with present Mississippi 
bathymetry. 
 
Figure 5. 2. Delft3D velocity vectors at high flow May 22, 
2009.  The model was run with present Mississippi 
bathymetry. 
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5.2 Comparison of model results for the Existing Channels with closure of 
Southwest Pass and Dredging of Pass-a-Loutre 
 
The discharge of Mississippi River downstream of the Bonnet Carre Spillway can vary from  
1 300 000 cfs to 140 000 cfs depending on year and season.  Two basic cases were chosen for 
model development: “high flow” with average flow of 479 035 cfs, for May-June 2009 and “low 
flow” with average flow of 217 795 cfs, for June-August 2012.  
5.2.1 Delft3D High flow, May-June 2009 
 
Figure 5.4 shows velocity magnitude at Mississippi River Head of Passes Area calculated by 
Delft3D on May 22, 2009. The model was run with present River bathymetry.  Figure 5.5 
illustrates Delft3D velocity magnitude for modeling situation when Southwest Pass closed with 
levee of 1.5 meters and Pass-A-Loutre dredged to 13.7meters (45ft).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. 4. Delft3D velocity magnitude (ft/sec) at high flow May 21, 
2009.  The model was run with present Mississippi bathymetry. 
Figure 5. 5. Velocity magnitude (ft/sec) level 1, High Flow May 21, 
2009, with a levee 1.5m on Southwest Pass and Pass-A-Loutre 
dredged to 13.7m. 
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On Figure 5.4 Southwest Pass has highest velocity magnitude through a channel, with 8.5 ft/sec 
maximum and 5.5 ft/sec average. Also if we analyze discharge pattern we will see that 
Southwest Pass takes most of the discharge out of the River: average discharge for Southwest 
Pass on May-June 2009 was 133 727 cfs, when South Pass had 13 357 cfs, Main Pass – 85 474 
cfs and Pass-A-Loutre 57 471 cfs. Closure of Southwest Pass with a 1.5m levee significantly 
changes this pattern. On Figure 5.5 we can see that Southwest Pass doesn’t have any flow 
anymore and functioning as a harbor, whereas Pass-A-Loutre takes most flow with velocity 
magnitude 7.5 ft/sec maximum and 5 f/sec average. Figure 5.6 shows that after changes are 
made Pass-A-Loutre play the role of the main channel with average discharge of 239 387 cfs, 
when Southwest Pass has discharge of only 13 357 cfs as a result of occasional overtopping. 
South Pass is also increases its discharge significantly from 13 357 cfs average to 133 728 cfs. 
Main Pass does not experience major changes. Figures 5.7, 5.8, 5.9, and 5.10 illustrate velocity 
vectors and magnitude at Head of Passes area at present bathymetry and changes made during 
modeling. It is evident that Southwest Pass is taking major flow.  Figure 5.5 shows some of the 
flow from South Pass outflanking the dam closure in Southwest Pass. This can be caused by 
higher discharge at South Pass which increased the velocity to 7 ft/sec.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. 6. Delft3D Pass-A-Loutre instantaneous discharge at May-June 2009. In blue discharge calculated with present 
bathymetry, in red discharge modeled with closed Soutwest Pass and dredged Pass-A-Loutre to 13.7 m.  
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Figure 5.7. Delft3D velocity vectors at May 22, 2009, present Head 
of Passes bathymetry.  
Figure 5. 8. Delft3D velocity vectors at May 22, 2009, with a levee 
1.5 meters closing Southwest Pass and Pass-A-Loutre dredged to 
13.7m.  
Figure 5. 9. Delft3D velocity magnitude (ft/sec) at high flow 
May 22, 2009.  The model was run with present Mississippi 
bathymetry. 
Figure 5. 10. Velocity magnitude (ft/sec) level 1, High Flow May 22,  
2009, with a levee 1.5m on Southwest Pass and Pass-A-Loutre 
dredged to 13.7m (45 ft). 
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Salinity: Figures 5.11 and 5.12 represent Salinity data obtained with help of Delft3D for the high 
flow year 2009. Figure 5.11 shows salinity in ppt on May 22, 2009 with present River 
bathymetry. Figure 5.12 shows salinity on May 22, 2009 with 1.5m levee at Southwest Pass and 
dredged Pass-A-Loutre to 13.7m (45ft). It can be seen that in second case discharge at 
Southwest pass is not significant enough to prevent salt water from entering the channel. As a 
result the Southwest pass becomes a  harbor area with average salinity of 13 ppt and maximum 
salinity at the Gulf area of 25 ppt. Figure 5.13 shows maximum salinity intrusion over a period 
of May-June 2009, at June 24. Salinity at Head of Passes area of Southwest Pass reaches 20 ppt, 
and 25 ppt at the Gulf area. Dramatic salinity change may affect ecological state of the region, 
but Southwest Pass may be used by small commercial and recreational vessels as a fishing reef 
and a harbor.  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. 11. Delft3D salinity (ppt) at High Flow at May 22, 2009 using 
present bathymetry. 
Figure 5. 12. Delft3D salinity at High Flow at May 22, 2009 with a levee 
1.5m at Southwest Pass and Pass-A-Loutre dredged to 13.7 m (45 ft). 
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Figure 5. 13. Delft3D maximum salinity at High Flow at June 24, 2009 with a 
levee 1.5m at Southwest Pass and Pass-A-Loutre dredged to 13.7 m (45 ft). 
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5.2.2 Delft3D low flow June-August 2012  
   
 
Figures 5.14 and 5.15 present velocity magnitude of Mississippi River Head of Passes area 
modeled with Delft3D on low flow for August 8, 2012. Figure 5.14 illustrates velocity magnitude 
at present River bathymetry, when Figure 5.15 shows velocity magnitude modeled with the 
condition of Southwest Pass closed by a 1.5 m levee and Pass-A-Loutre dredged to 13.7m. 
Looking at instantaneous discharge data form Table 5.1, we can draw a conclusion that this 
change in bathymetry radically changes flow distribution at modeled area. Before channel 
closure, Southwest Pass is function as the main river channel with average discharge over June-
August 2012, of 53 206 cfs. After the closure average Southwest Pass discharge approaching 
zero. While Pass-A-Loutre is becoming a main river channel. Before the closure Pass-A-Loutre is 
having an average discharge of 27 067 cfs, after the closure 76 141 cfs. Main Pass and South 
Pass do not experience severe changes. Main Pass before closure has a discharge of 20 926 cfs, 
and after the closure 24 289 cfs average. South Pass has a discharge of 31 766 before the 
closure and 38 389 cfs in average after the changes were modeled.  
 
 
 
  
 
 
 
 
 
 
Table 5. 2. Average instantaneous discharge at Head of Passes channels with and without changes (June-August 2012).  
Channel 
Average instantaneous 
discharge (cfs) at present 
river bathymetry (May-June 
2009) 
Average instantaneous discharge 
(cfs) with changes made (May-
June 2009) 
Main Pass 20926 24289 
Pass-A-Loutre 27141 76350 
South Pass 31766 38389 
Southwest Pass 53206 3208 
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Figure 5. 14. Delft3D velocity magnitude (ft/sec) at level 1, Low Flow 
August 8, 2012 with present River bathymetry. 
Figure 5. 15.  Delft3D velocity magnitude (ft/sec) at level 1, Low Flow 
August 8, 2012 with Southwest Pass closed and Pass-A-Loutre dredged 
to 13.7m (45 ft). 
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Figure 5.16 shows instantaneous discharge at Pass-A-Loutre for the period of time from 
June to August, 2012.  The Delft3D instantaneous discharge is illustrated in red, (cfs) with 
present river bathymetry used for modeling. The Delft3D instantaneous discharge displayed in 
blue(cfs) at with Southwest Pass closed with a dam of 1.5 m and Pass-A-Loutre itself dredged to 
13.7m (45 ft).   
 Before the closure, Pass-A-Loutre has an average discharge of 27 067 cfs, while after 
the closure the discharge is 76 141 cfs. Negative values in the data presented can be explained 
by the influence of the tides.  
 
Figure 5. 16. Delft3D instantaneous discharge (cfs) at Pass-A-Loutre. In red Delft3D instantaneous discharge (cfs) at Pass-A-
Loutre with present river bathymetry. In blue Delft3D instantaneous discharge (cfs) at Pass-A-Loutre with changed 
bathymetry (June-August 2012).   
 
Figures 5.17, 5.18, 5.19, 5.20 show velocity vectors and magnitude on August 8, 2012. Despite 
the fact that Pass-A-Loutre becomes the main river channel after closure, the average speed 
remains 1.25 cfs. Whereas velocity at Head of Passes area decreases from 2 ft/sec average to 
1.75 ft/sec. Also South Pass undergoes a significant change in a velocity magnitude: from 0.9 
ft/sec average at present river conditions to 1.7 ft/sec with changes made.  
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Figure 5. 17. Delft3D velocity vectors (ft/sec)  at low flow, August 
8, 2012 (usual bathymetry).   
Figure 5.18. Delft3D velocity vectors (ft/sec) at low flow, August 
8, 2012 (Closed Southwest pass and dredged Pass-A-Loutre).    
Figure 5. 20.  Delft3D velocity magnitude (ft/sec) at Low flow, 
August 8, 2012. With Southwest Pass closed and Pass-A-Loutre 
dredged to 13.7m. 
Figure 5.19 Figure 5. 19. Delft3D velocity magnitude (ft/sec) at Low 
flow, August 8, 2012. Present Mississippi River bathymetry was 
used for modeling. 
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Figures 5.21 and 5.22 show salinity data obtained from Delft3D Head of Passes modeling. 
Figure 5.21 illustrates salinity intrusion on August 8, 2012 with the present bathymetry. Figure 
5.22 illustrates salinity intrusion on the same date but with Southwest Pass closed by a levee of 
1.5 m and  Pass-A-Loutre dredged to 13.7m deep. With the current bathymetry, Southwest Pass 
has an average 20 ppt salinity intrusion, South Pass has 10 ppt, Pass-A-Loutre has 9 ppt and 
Main Pass has 6-7 ppt. After the changes are made, Southwest Pass plays the role of harbor 
with an average salinity of 23 ppt, the salinity at South Pass drops to 8 ppt. The average salinity 
intrusion at Pass-A-Loutre with the dredging and Pass closures is 17 ppt. The salinity in Main 
Pass does not appear to be affected. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 5. 21. Delft3D salinity (ppt) at Low flow, August 8, 2012, with 
present River bathymetry.  
Figure 5. 22. Delft3D salinity (ppt) at Low flow, August 8, 2012, 
with present River bathymetry. With Southwest Pass closed and 
Pass-A-Loutre dredged to 13.7m. 
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5.3 Model results with Southwest Pass and South Pass closed and Pass-a-
Loutre dredged at low flow. 
 
Figures 5.23 and 5.24 illustrate Delft3D velocity magnitude modeled on August 8, 2012. Figure 
5.23 shows Delft3D velocity magnitude modeled with the present River bathymetry. Figure 
5.24 represents Delft3D  velocity magnitude with Southwest Pass and South Pass closed by a 
levee of 1.5 meter and Pass-A-Loutre dredged to 13.7 meters (45 ft) deep.  
 
  
  
 
 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.24. Delft3D velocity magnitude with closed Southwest pass 
and South pass and dredged Pass-A-Loutre, (ft/sec) level 1, Low Flow 
August 8, 2012. 
Figure 5. 23.  Delft3D velocity magnitude (ft/sec) at level 1, Low Flow 
August 8, 2012 with Southwest Pass closed and Pass-A-Loutre dredged 
to 13.7m. 
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Figure 5.25 illustrates comparison of instantaneous discharge in both cases of closure. We can 
see that the discharge is almost identical. The mean discharge for one channel closed (blue line) 
at the summer of 2009 is 72 869 cfs, for both channels closed (red line) 76 350 cfs. The 
difference is 3480 cfs (June-August 2012).  
 
Figure 5. 35. Delft3D instantaneous discharge (cfs) at Pass-A-Loutre. In blue Delft3D instantaneous discharge (cfs) at Pass-A-
Loutre with closed Southwest Pass and South Pass and Pass-A-Loutre dredged. In red Delft3D instantaneous discharge (cfs) 
at Pass-A-Loutre with closed Southwest Pass and South Pass and Pass-A-Loutre dredged (June-August 2012).  
 
This can be explained by analyzing stage and discharge at West Bay and Main Pass. The stage at 
each channel rises approximately 0.05 ft. This leads to an increase of instantaneous discharge at 
West Bay and Main Pass.   Figures 5.26 and 5.27 represent comparison of instantaneous 
discharge (cfs) at West Bay and Main Pass with one and two channels closed. At West Bay the 
difference between average discharge at June-August 2012 is 6 197 cfs, and at Main Pass about 
14 107 cfs. 
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Figure 5. 16 Comparison of instantaneous discharge (cfs) at West Bay with one and two channels closed (June-August 2012).  
 
Figure 5. 27 Comparison of instantaneous discharge (cfs) Main Pass with one and two channels closed (June-August 2012).  
 
Figures 5.27, 5.28, 5.29, 5.30 illustrate velocity vectors and magnitude of Delft3d Head of 
Passes area with one and two passes closed. It is seen that with Southwest and South Passes 
closed the average velocity magnitude rises from 1.25 to 1.5 ft/s.  
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Figure 5.30. Delft3D velocity vectors (ft/sec)  at low flow, August 
8, 2012 (Closed Southwest pass and South pass and dredged 
Pass-A-Loutre).    
Figure 5. 28. Delft3D velocity vectors (ft/sec)  at low flow, August 
8, 2012. With closed Southwest and South Passes and Pass-A-
Loutre dredged.  
Figure 5.27. Delft3D velocity vectors (ft/sec)  at low flow, August 
8, 2012 (Closed Southwest pass and dredged Pass-A-Loutre).    
Figure 5. 29.  Delft3D velocity magnitude (ft/sec) at Low flow, 
August 8, 2012. With Southwest Pass closed and Pass-A-Loutre 
dredged to 13.7m. 
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Figures 5.31 and 5.32 allows the comparison of salinity intrusion on August 8, 2012 for both 
cases. Figure 31 illustrates salinity intrusion with Southwest Pass closed and Pass-A-Loutre 
dredged. Figure 5.32 shows salinity intrusion Southwest and South Pass closed. At second case 
the Southwest Pass has salinity intrusion up to 25 ppt, compare to 22 at previous case, South 
Pass and Pass-A-Loutre also experience an increase in salinity to 17 ppt on average.  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. 32.Delft3D salinity at low flow, August 8, 2012, with usual 
bathymetry (Closed Southwest pass and South pass and dredged Pass-A-
Loutre).     
Figure 5. 31. Delft3D salinity (ppt) at Low flow, August 8, 2012, 
with present River bathymetry. With Southwest Pass closed and 
Pass-A-Loutre dredged to 13.7m. 
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5.4 Diversions at high flow May-June 2009 
 
Also one of the aims of research was to determine the response of the River to proposed 
diversions of 35 000, 50 000 and 100 000 cfs. Diversions were manually extracted from the 
inflow at model upstream boundary. Figure 5.33 represents an example of diversion extraction: 
the diversion of 50 000 cfs was extracted after the flow reaches 600 000 cfs.  
 
 
 
Figure 5.33. Domain inflow (cfs). In blue – present RM 6.5 inflow, in red inflow with diversion of 50000 cfs (May-June 
2009).  
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Figures 5.34 and 5.35 represent data obtained from Delft3D Head of Passes modeling. Figure 
5.35 illustrates instantaneous discharge at West Bay on May-June 2009 at present bathymetry 
conditions, also the figure accounts diversions of 35 000, 50 000, and 100 000 cfs extracted 
upstream of the model domain. Figure 5.35 shows instantaneous discharge at West Bay on 
May-June 2009 with changed bathymetry conditions (Southwest Pass closed with a levee 1.5 
meters and Pass-A-Loutre dredged to 13.7 meters), also the figure accounts diversions of  
35 000, 50 000, and 100 000 cfs extracted upstream of the model domain. 
Figure 5. 34. Instantaneous discharge at West Bay, present River bathymetry (ft^3/s), at May-June 2009. With diversions of 
35 000 cfs, 50 000 cfs and 100 000 cfs.  
 
  
 
 
 
 
 
 
 
 
 
Figure 5. 35. Instantaneous discharge at West Bay with closed Southwest Pass with a levee 1.5 meter and Pass-A-Loutre 
dredged to 13.7 meters (ft^3/s). With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs.  
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Figures 5.36 and 5.37 present data obtained from Delft3D Head of Passes modeling. Figure 
5.36 illustrates instantaneous discharge at Main Pass on May-June 2009 with the present 
bathymetry, diversions of 35 000, 50 000, and 100 000 cfs extracted upstream of the model 
domain. Figure 5.37 shows instantaneous discharge at Main Pass on May-June 2009 with 
changed bathymetry conditions (Southwest Pass closed with a 1.5 m levee and Pass-A-Loutre 
dredged to 13.7 meters), Figure 5.37 accounts diversions of  
35 000, 50 000, and 100 000 cfs extracted upstream of the model domain. 
 
Figure 5.36. Instantaneous discharge at Main Pass, present River bathymetry (ft^3/s), at May-June 2009. With diversions of 
35 000 cfs, 50 000 cfs and 100 000 cfs.  
 
 
 
 
 
 
Figure 5.37. Instantaneous discharge at Main Pass with closed Southwest Pass with a levee 1.5 meter and Pass-A-Loutere 
dredged to 13.7 meters (ft^3/s). With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs.  
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Figures 5.38 and 5.39 present data obtained from Delft3D Head of Passes modeling. Figure 5.38 
illustrates instantaneous discharge at Pass-A-Loutre on May-June 2009 with the present 
bathymetry conditions, and fordiversions of 35 000, 50 000, and 100 000 cfs extracted 
upstream of the model domain. Figure 5.39 shows instantaneous discharge at Pass-A-Loutre on 
May-June 2009 with changed bathymetry conditions (Southwest Pass closed with a 1.5 m levee 
and Pass-A-Loutre dredged to 13.7 meters), for diversions of 35 000, 50 000, and 100 000 cfs 
extracted upstream of the model domain. 
 
 
  
 
 
 
 
 
 
Figure 5. 38. Instantaneous discharge at Pass-A-Loutre, present River bathymetry (ft^3/s), at May-June 2009. With diversions 
of 35 000 cfs, 50 000 cfs and 100 000 cfs.  
 
 
 
 
 
 
 
 
Figure 5. 39. Instantaneous discharge at Pass-A-Loutre with closed Southwest Pass with a levee 1.5 meter and Pass-A-Loutere 
dredged to 13.7 meters (ft^3/s). . With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs.  
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Figures 5.40 and 5.41 present data obtained from Delft3D Head of Passes modeling. Figure 5.40 
illustrates instantaneous discharge at Southwest Pass on May-June 2009 with the present 
bathymetry and  diversions of 35 000, 50 000, and 100 000 cfs extracted upstream of the model 
domain. Figure 5.41 shows instantaneous discharge at Southwest Pass on May-June 2009 with 
changed bathymetry conditions (Southwest Pass closed with a 1.5 m levee and Pass-A-Loutre 
dredged to 13.7 meters), for  diversions of 35 000, 50 000, and 100 000 cfs extracted upstream 
of the model domain. 
 
Figure 5. 40. Instantaneous discharge at Southwest Pass, present River bathymetry (ft^3/s), at May-June 2009.  With 
diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs.  
 
 
 
 
 
 
 
 
 
Figure 5.41. Instantaneous discharge at Southwest Pass with closed Southwest Pass with a levee 1.5 meter and Pass-A-Loutre 
dredged to 13.7 meters (ft^3/s). . With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs.  
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Figures 5.42 and 5.43 present data obtained from Delft3D Head of Passes modeling. Figure 5.42  
illustrates instantaneous discharge at South Pass on May-June 2009 with the present 
bathymetry and diversions of 35 000, 50 000, and 100 000 cfs extracted upstream of the model 
domain. Figure 5.43 shows instantaneous discharge at South Pass on May-June 2009 with 
changed bathymetry conditions (Southwest Pass closed with a 1.5 m levee and Pass-A-Loutre 
dredged to 13.7 meters), for diversions of 35 000, 50 000, and 100 000 cfs extracted upstream 
of the model domain. 
 
Figure 5. 42. Instantaneous discharge at South Pass, present River bathymetry (ft^3/s), at May-June 2009. With diversions of 
35 000 cfs, 50 000 cfs and 100 000 cfs.  
 
 
 
 
 
 
 
 
 
Figure 5. 43. Instantaneous discharge at South Pass with closed Southwest Pass with a levee 1.5 meter and Pass-A-Loutere 
dredged to 13.7 meters (ft^3/s). With diversions of 35 000 cfs, 50 000 cfs and 100 000 cfs. 
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6 Discussion 
Two basic closure cases were developed:  
1. closure of Southwest Pass with a levee of 1 and 1.5m and dredging of Pass-A-Loutre to 
13.7 meters (45 ft) depth.  
2. closure of Southwest Pass and South Pass with a levee of 1.5m and dredging of Pass-A-
Loutre to 13.7 meters (45 ft) depth. 
The first case was run with high and low flow, at the second case with low flow only.  
Salinity intrusion was included in the model. It can be concluded that salinity has a significant 
impact on the instantaneous discharge of the model. Table 6.1 shows that for all passes except 
Southwest Pass instantaneous discharge increases by 50%. For example West Bay has 16 245 cfs 
instead of 8 209 cfs on average. The instantaneous discharge at Southwest Pass with saltwater is 
about 50%f of that without saltwater.  The reduced discharge with the salt water intrusion is 
explained by the fact that salt wedge effectively reduces the cros-sectional area for freshwater 
flow.  Table 6.2 illustrates stage mean and standard deviating change after salinity was included 
in the model.  
Discharge (cfs) 
Discharge, model includes 
salinity (cfs) 
  Mean Standard Deviation  Mean  Standard Deviation  
West Bay 8209 5242 16245 3869 
Main Pass 10264 8951 20926 6701 
Pass-A-Loutre 13383 10713 27066 7626 
Southwest Pass 114299 59996 53205 69862 
South Pass 22185 14110 31766 13579 
Table 6. 1.  Mean and standard deviation of discharge at all passes, before and after including salinity (May-June 2009). 
Stage (ft) 
Stage, model includes salinity 
(ft) 
  Mean  Standard Deviation Mean  Standard Deviation  
West Bay 1.28 0.59 1.35 0.58 
Main Pass 1.27 0.6 1.33 0.59 
Pass-A-Loutre 1.23 0.59 1.59 0.57 
Southwest Pass 1.23 0.59 1.51 0.54 
South Pass 1.23 0.59 1.43 0.58 
Table 6. 2. Mean and standard deviation of water level at all passes, before and after including salinity (May – June 2009). 
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Initially the model was run with present River bathymetry.  From the model results ( Figures 5.1-
5.3) it can be seen that Southwest Pass has highest velocity magnitude through a channel, with 
8.5 ft/sec maximum and 5.5 ft/sec average. velocity magnitude at Mississippi River Head of 
Passes Area calculated by Delft3D on May 22, 2009 when the inflow to the model domain was 
751 052 cfs. If we analyze the discharge pattern, we will see that Southwest Pass takes most of 
the discharge of the River: average discharge for Southwest Pass on May-June 2009 was 365 329 
cfs, when South Pass had 87 931 cfs, Main Pass had 52 178 cfs and Pass-A-Loutre had 57 710 
cfs. Figure 5.2 shows velocity vectors at May 22, 2009, in the Head of Passes area. Figure 5.3 
corresponds to Figure 5.2 with velocity magnitude.  At high flow and present Mississippi 
bathymetry, River discharge prevents high salt water from intrusion into the passes.  
 
Closure of Southwest Pass at high flow (May-June 2009) with a 1.5m levee changes this pattern 
significantly. After the closure of Southwest Pass its discharge drops and it starts functioning as a 
harbor, whereas Pass-A-Loutre takes most flow with maximum velocity magnitude 7.5 ft/sec and 
5 ft/sec average. After the changes are made, Pass-A-Loutre becomes the main channel with an 
average discharge of 239 387 cfs, when Southwest Pass has discharge of only 13 357 cfs as a 
result of occasional overtopping. South Pass also increases its discharge significantly from 13 
357 cfs average to 133 728 cfs. Main Pass does not experience a major changes. Also, a part of 
the flow from South Pass bypasses the dam and enters Southwest Pass. This can be caused by 
higher discharge at South Pass and the rising of speed to 7 ft/sec.  
After channel closure, the discharge at Southwest pass is not significant enough to prevent salt 
water from entering the channel. As a result the Southwest Pass area has an average salinity of 
13 ppt and maximum salinity of 25 ppt near the Gulf area. This dramatic salinity change may 
affect the ecological state of the region, but Southwest Pass may be used by small commercial 
and recreational vessels as a fishing reef and a harbor.  
 
Closure of Southwest Pass at low flow (June-August 2012) also effects flow distribution 
significantly. Before the closure, Pass-A-Loutre is has an average discharge of 27 067 cfs, but 
after the closure the flow becomes 76 141 cfs. Main Pass and South Pass do not experience large 
changes. Main Pass before closure has a discharge of 20 926 cfs, and after the closure it is 24 
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289 cfs average. South Pass has a discharge of 31 766 before the closure and 38 389 cfs in 
average after the changes were modeled.  
Despite the fact that Pass-A-Loutre becomes main river channel after closure, the average speed 
remains 1.25 cfs. Whereas flow at Head of Passes area decreases from 2 cfs average to 1.75 cfs. 
Also South Pass undergoes a significant change in a velocity magnitude: from 0.9 cfs average at 
present river conditions to 1.7 cfs with the changes.  
After the changes are made, Southwest Pass plays a role of a harbor with average salinity of 23 
ppt, while the salinity at South Pass drops to 8 ppt. Average salinity intrusion at Pass-A-Loutre 
with changed bathymetry is 17 ppt. Main Pass doesn’t experience major changes. 
 
Comparing the Pass-A-Loutre discharge after closure of both Southwest Pass and South Pass and 
dredging of Pass-A-Loutre to 13.7 meters with previous case, of closre of Sothwest Pass only, 
we can see that the discharge is almost the same. The mean with one channel closed at the 
summer of 2009 is 72 869 cfs, for both channels closed 76 350 cfs. The difference is 3480 cfs.  
This can be explained by analyzing stage and discharge at West Bay and Main Pass. After 
closure, the stage at each channel rises approximately 0.05 ft. This leads to increase of 
instantaneous discharge at West Bay and Main Pass.   At West Bay the difference between 
average discharge at May-June 2009 is 6 197 cfs, and at Main Pass about 14 107 cfs. The 
average velocity magnitude at Pass-A-Loutre rises from 1.25 to 1.5 ft/s. Also, in the case where 
both channels are closed, Southwest Pass has salinity intrusion up to 25 ppt, compare to 22 at 
previous case, South Pass and Pass-A-Loutre also experience increase in salinity to 17 ppt at 
high tide, in average .  
 
Under the existing conditions, the flow distribution at the HOP is approximately: 
1) 40% to Southwest Pass of the upstream flow. 
2) 12% to South Pass  
3) 11% to Pass a Loutre 
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Table 6. 3 Distribution of Flow at HOP (West Bay Study – unpublished) 
River Pass % of Belle Chasse 
% of 
Venice 
Venice 74 100% 
Main Pass 8.8 12% 
West Bay 3.7 5% 
Southwest Pass 29.5 40% 
South Pass 8.8 12% 
Pass a Loutre 8.1 11% 
 
The model shows that the changes in the distribution of peak flows at the HOP as diversions are 
introduced.  Table 6.2 indicates the predicted reduction based on a 100,000 cfs diversion with a 
12% reduction in the flow at Venice. Pass a Loutre and Main Pass experience the most decrease 
in peak flow. 
Table 6. 4 Reduction in Flow at HOP due to a 100,000 cfs Diversion upstream of Venice with no closures at original 
bathymetry. 
         Diversion = 100,000 cfs 
% Reduction in Peak 
Flows 
Venice -12% 
Main Pass  -15% 
West Bay -9% 
HOP -12% 
Southwest Pass -11% 
South Pass -11% 
Pass a Loutre -16% 
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7 Conclusion 
 
A 3-D numerical model of the Head of Passes and Bird’s Foot Delta of the Mississippi River- 
was developed. The model was based on Delft3D and simulates the hydrodynamics and salinity 
transport for Head of Passes area from RM 6.5 to the Gulf of Mexico. 
 
 The model was successfully calibrated, and used to predict the responses of the River to certain 
stimuli, such as - channel closures, channel modifications and diversions.  
Salinity has a significant impact on the model instantaneous discharge. The data shows that for 
all passes except Southwest Pass instantaneous discharge increases by 50%. For example West 
Bay has 16 245 cfs instead of 8 209 cfs on average. The instantaneous discharge at Southwest 
Pass with saltwater is about 50%f of that without saltwater.  The reduced discharge with the salt 
water intrusion is explained by the fact that salt wedge effectively reduces the cros-sectional area 
for freshwater flow.   
 
Two basic closure cases were developed:  
1. Closure of Southwest Pass with a dam of 1 and 1.5m and dredging of Pass-A-Loutre to 
13.7m (45 ft) depth. 
2. Closure of Southwest Pass and South Pass with a dam of 1.5m and dredging of Pass-A-
Loutre to 13.7m (45 ft) depth. 
 
After the closure Southwest Pass at high flow, its discharge drops and it starts functioning as a 
harbor, whereas Pass-A-Loutre becomes the main channel with velocity magnitude 7.5 ft/sec 
maximum and 5 ft/sec average. After closure of Southwest Pass and dredging of Pass-A-Loutre,  
Pass-A-Loutre carries 32 % of model inflow. 
Discharge at Southwest pass is not hight enough to prevent salt water intrusion. Dramatic salinity 
change may affect the ecological state of the area, but Southwest Pass may be used by small 
commercial and recreational vessels as a fishing reef and a harbor.  
 
Closure of Southwest Pass at low flow (June-August 2012) also effects flow distribution 
significantly. Before the closure Pass-A-Loutre is having an average discharge of 27 067 cfs, 
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after the closure (Pass-A-Loutre dredged and Southwest Pass closed) 76 141 cfs, Main Pass and 
South Pass does not experience severe changes.  
Despite the fact that Pass-A-Loutre becomes main river channel after closure, the average speed 
remains 1.25 ft/sec. Whereas the flow at Head of Passes area decreases from 2 ft/sec average to 
1.75 cfs.  
After changes are made, Southwest Pass plays a role of harbor with average salinity of 23 ppt, 
salinity at South Pass drops to 8 ppt. Average salinity intrusion at Pass-A-Loutre with change 
bathymetry conditions is 17 ppt. Main Pass doesn’t experience major changes. 
 
Comparing Pass-A-Loutre discharge after closure of Southwest Pass and South Pass and 
dredging of Pass-A-Loutre to 13.7 meters with previous case ( Southwest Pass closed and Pass-
A-Loutre dredged) we can see that the discharge is almost the same. The mean for one channel 
closed at the summer of 2009 is 72 869 cfs, for both channels closed 76 350 cfs. The difference 
is 3480 cfs.   
Analyzing stage and discharge at West Bay and Main Pass we can see that after closure, the 
stage at every channel rises approximately 0.05 ft. Which leads to an increase of the 
instantaneous discharge at West Bay and Main Pass.   At West Bay the difference between 
average discharge at May-June 2009 is 6 197 cfs, and at Main Pass about 14 107 cfs. The 
average velocity magnitude at Pass-A-Loutre rises from 1.25 to 1.5 ft/sec. Also, for second case 
(closure of both channels and dredging of Pass-A-Loutre), the Southwest Pass has salinity 
intrusion up to 25 ppt, compare to 22 at previous case, South Pass and Pass-A-Loutre also 
experience an increase in salinity to 17 ppt on average.  
 
Also it can be concluded that upstream diversions are influence the Passed peak flow. For 
example Pass a Loutre and Main Pass experience the most decrease in peak flow, 16 and 15% 
accordingly. 
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